Abstract. Urapidil has been proposed to be an effective vasodilator for the treatment of acute decompensated heart failure (ADHF); however, its effect on cardiac function, as compared with that of nitroglycerin, in elderly patients with hypertension and ADHF has yet to be determined. In the present study, a multicenter, open-label clinical trial was performed, in which 120 elderly patients with hypertension and ADHF were randomly assigned to the treatment (50-400 µg/min intravenous urapidil) or control group (5-40 µg/min intravenous nitroglycerin). The dosages of the medications were adjusted according to the blood pressure of the patients. The systolic and diastolic blood pressure, heart rate and serum level of N-terminal pro B-type natriuretic peptide (NT-proBNP) were evaluated at hospital admission and at days 1, 2, 3 and 7 after treatment. In addition, the left ventricular function was assessed by measuring the left ventricular ejection fraction (LVEF) and left ventricular end-diastolic volume at hospital admission and at days 2 and 7 after treatment. The results indicated that intravenous administration of urapidil and nitroglycerin were effective in lowering the blood pressure and heart rate within 7 days, with no significant differences observed between the two groups (P>0.05). By contrast, greater reduction in the serum NT-proBNP level (2,410.4±546.1 vs. 4,234.1±876.4 pg/ml; P<0.05) and greater improvement in the LVEF (55.3±3.4 vs. 45.2±2.4%; P<0.05) were observed in the urapidil-treated group, as compared with the nitroglycerin-treated group. No adverse events were reported during the treatment period in the two groups. The clinical outcomes at 6 months following discharge were evaluated and were not found to be significantly different between the two groups. In conclusion, the present results of the present study suggested that urapidil was as effective as nitroglycerin in controlling blood pressure and heart rate and was more effective in improving cardiac systolic function in elderly patients with hypertension and ADHF.
Introduction
Despite significant improvements in the diagnosis and treatment of heart failure (HF), the mortality and morbidity rates for patients with HF remain high (1) (2) (3) . For patients with hypertension, in particular elderly patients, the long-term overload of the heart caused by increased afterload, as well as reduced preservation of cardiac function, increases their susceptibility to cardiac insufficiency, which manifests clinically as acute decompensated HF (ADHF) (4) . The hemodynamic characteristics of patients with ADHF have been shown to be different from those of patients with chronic HF (CHF) (5) . In contrast to the reduced left ventricular systolic function observed in patients with CHF, patients with ADHF typically have elevated filling pressures, high systemic vascular resistance and hypertension, which may lead to pump failure and further reduction of the perfusion of blood to vital organs, resulting in vascular failure (6, 7) .
Therapeutic effects of intravenous urapidil in elderly patients
with hypertension and acute decompensated heart failure: A pilot clinical trial Therefore, vasodilators may be beneficial in these conditions due to their pharmacological actions of reducing cardiac afterload, as well as improving peripheral perfusion (8, 9) . Vasodilators have been considered to be an effective class of drugs in patients with hypertension and ADHF (10) (11) (12) . The most commonly used vasodilator in patients with ADHF is nitroglycerin (11) (12) (13) . Although nitroglycerin has been reported to be effective and applicable in the majority of cases, there have been reports regarding its unfavorable effect on the heart rate (HR) (13, 14) . Furthermore, no evident benefits of nitroglycerin on the cardiac systolic and diastolic function have been reported (13) . Therefore, there is an urgent requirement for the development of novel pharmacological agents for the treatment of hypertension and ADHF. Urapidil, which is a vasodilator that exerts peripheral α-adrenergic receptor and central serotonin receptor 1A (5-HT1A) antagonizing effects, has been proposed to be potentially effective for patients with hypertension and ADHF (15, 16) . However, its effect on cardiac function, particularly in elderly patients with ADHF, has yet to be determined. Therefore, the aim of the current randomized controlled trial (RCT) was to compare the therapeutic effects of intravenous urapidil and nitroglycerin in elderly patients with hypertension and ADHF. ) . This open-label RCT aimed to evaluate the efficacy and safety of intravenous urapidil, as compared with that of the conventional vasodilator nitroglycerin, for the treatment of elderly hypertensive patients who also suffered from ADHF. Patients were enrolled in the present study between August 1st, 2011 and November 1st, 2013. The ethics committees of all the included research centers approved the protocols of the study prior to its initiation. All patients provided written informed consent prior to their enrollment. The protocol of the clinical trial was registered in the Chinese Clinical Trial Registry (no. ChiCTR-TRC-11001781) before the enrollment of the first patients. A subgroup study of present study, which included only AHF patients with DM, has been published previously (17) .
Patients and methods

Study
Inclusion and exclusion criteria of the patients. The inclusion criteria for the present study were as follows: i) Age, >65 years; ii) a previous diagnosis of hypertension, defined as a systolic blood pressure (SBP) of >140 mmHg and/or a diastolic blood pressure (DBP) of >90 mmHg, or regular use of antihypertensives (18) ; iii) a diagnosis of systolic ADHF; and iv) the patient had been scheduled for inpatient treatment at one of the included medical centers. The diagnosis of systolic ADHF was based on the decompensated clinical manifestations of the patients [New York Heart Association (NYHA) classification of II-IV (19) ] and a reduced left ventricular ejection fraction (LVEF) of <50%, as assessed by transthoracic echocardiography (2) .
Patients were excluded from the present study if they presented any of the following: i) Complications including cardiogenic shock, an SBP of ≤100 mmHg, cerebral ischemia or severe stenosis of the carotid arteries, or other clinical disorders that were contraindications for intravenous administration of vasodilators; ii) confirmed acute coronary syndrome; iii) comorbidities of severe structural heart diseases, including severe valvular stenosis, hypertrophic obstructive cardiomyopathy, restrictive cardiomyopathy or pericarditis; iv) a severe condition of other systems or organs, including severe chronic asthmatic bronchial and pulmonary diseases, severe liver dysfunction (>3-fold maximum normal levels of alanine aminotransferase and aspartate aminotransferase) or kidney insufficiency (>2-fold maximum normal level of creatinine); v) a known or suspected allergy to any of the tested medications and their ingredients; vi) unsuitable for participation as determined by researchers (for example, due to the presence of cancer cachexia or severe mental illness); vii) use of any of the tested medications within 60 days prior to enrollment; and viii) participation in another clinical research program.
Randomization, treatment assignment and medications.
During the study process, all patients continued to receive conventional antihypertensives (such as calcium-channel blockers, angiotensin converting enzyme inhibitors, angiotensin receptor blockers and diuretics) and other cardiovascular medications (including digoxin, amiodarone and statins). However, β-blockers were not prescribed during the study period, since they may increase the risk of a deterioration of ADHF (19) . The included patients were randomly assigned to either an urapidil-based treatment group or a nitroglycerin-based control group, according to a random number generated by a computer. The assignment of the patients was open to both the investigators and the participants.
For patients in the urapidil group, urapidil hydrochloride (100 mg diluted in 50 ml normal saline; Ebrantil; Altana AG, Konstanz, Germany) was continuously administered intravenously as required and the dosages of the urapidil were adjusted according to the blood pressure of the patients. Typically, the starting dose of urapidil was set at a small dose in accordance with the clinical situation and then increased to the target dose (50-100 µg/min) within 6 h, with a maximum dose of 400 µg/min. Intravenous urapidil was discontinued if the SBP was <90 mmHg. Furthermore, if the symptoms of ADHF were not improved during the initial 48 h of administration, the intravenous urapidil was discontinued and the subsequent treatment was based on the judgement of the investigators. Similarly, for patients assigned to the nitroglycerin group, intravenous nitroglycerin (10 mg diluted in 50 ml 5% glucose solution; Beijing Yimin Pharmaceutical Co., Ltd., Beijing, China) was continuously administered as required. The starting dose of nitroglycerin was set at a small dose in accordance with the clinical situation and then increased to the target dose (5-10 µg/min) within 6 h, with a maximum dose of 40 µg/min. The protocols for dosage adjustment and the criteria for medication discontinuation were the same as those for the intravenous urapidil group. Only patients who received the tested medications for >24 h were included in subsequent analyses.
Study protocols. Each participant underwent repeated evaluations of hemodynamic parameters, including HR, SBP and DBP, at hospital admission (day 0) and at 1, 2, 3 and 7 days after intravenous vasodilator administration was initiated, as previously described (17) . In addition, serum levels of N-terminal B type natriuretic peptide (NT-proBNP) were evaluated at the same time points. The left ventricular function was evaluated by means of transthoracic echocardiography, while the parameters of LVEF and left ventricular end-diastolic volume (LVEDV) were also measured at hospital admission and at 2 and 7 days after intravenous vasodilator administration. Furthermore, the serum levels of indices that reflect the metabolism of glucose and lipids, including fasting plasma glucose (FPG), glycosylated hemoglobin (GHB), postprandial 2 h plasma glucose (P2hPG), triglycerin (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C), were evaluated at hospital admission and on days 2 and 7 after intravenous vasodilator administration. Measurements of the above parameters were recorded as previously described (17) . No other intravenous vasodilators were used during the study period.
Echocardiological evaluation of left ventricular function.
Global left ventricular function was assessed by transthoracic echocardiography (Philips IE33 Ultrasound system; Philips Healthcare, Amsterdam, The Netherlands). The apical 2-and Data are presented as the mean ± standard deviation or n (%). HGB, hemoglobin; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; CHD, coronary heart disease; DM, diabetes; AF, atrial fibrillation; CV, cardiovascular; CCB, calcium-channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
4-chamber views were selected for the measurement of LVEF, which was used as an index of global left ventricular function. To calculate the LVEF, the end-diastolic and end-systolic frames were selected, the end-diastolic and end-systolic endocardial borders were manually traced and the biplane LVEF was calculated. In addition, the LVEDV was measured for each patient, as previously described (17) .
Follow-up and clinical outcomes. The patients were followed up for 6 months after discharge from the hospital. Clinical outcomes, including HF-associated rehospitalization, cardiovascular mortality, non-fatal myocardial infarction (MI) and malignant arrhythmia (including ventricular tachycardia and ventricular fibrillation) were evaluated for all patients.
Statistical analysis. Continuous data are presented as the mean ± standard deviation and the categorical data are presented as the number and percentage. Each data set was assessed for normality. Differences in the continuous and categorical data between the two groups were analyzed using the Student's t-test or the χ 2 test. Differences in the data from multiple time points between the two groups were analyzed using the repeated measures analysis of variance (ANOVA) and independent samples t-test. Statistical analyses were performed using SPSS version 16.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Baseline characteristics of the included patients.
A total of 120 elderly patients, including 70 males and 50 females, with hypertension and confirmed ADHF were included in the present study during the enrollment period from the 10 medical centers. The ages of the included patients ranged between 65 and 84 years. A total of 62 patients were randomly assigned to the nitroglycerin group, whereas the remaining 58 patients were assigned to the urapidil group. The baseline characteristics of the included patients are presented in Table I . There were no significant differences in the demographic factors, including age, gender, duration of hypertension, clinical manifestations of ADHF (as evaluated based on the LVEF and distribution of NYHA classification), comorbidities of coronary heart disease (CHD), diabetes mellitus and atrial fibrillation, as well as the use of cardiovascular medications, such as antihypertensives, digoxin, amiodarone and statins, between the two groups (all P>0.05). All patients received predetermined protocols involving intravenous vasodilators and no adverse events were observed. The mean treatment duration for nitroglycerin was 87 h and the mean dosage was 88.7 mg per patient. In comparison, the treatment duration for urapidil was 90 h and mean dosage was 405.2 mg per patient.
Effect of urapidil versus nitroglycerin on SBP, DBP and HR.
A multivariate data analysis of the intragroup elements, using the repeated measures ANOVA, demonstrated that there were significant differences in the SBP (F=27.42), DBP (F=29.32) and HR (F=31.24) among the various time points (P<0.05) in the two groups. This suggested that the hemodynamic parameters of SBP, DBP and HR were significantly lowered within 7 days after intravenous administration of vasodilators, as compared with the values at admission (Fig. 1A-C) . There was no association between time and group, which suggested that the time trends for the two medications were identical in their effects on the hemodynamic parameters of SBP, DBP and HR (P>0.05). Furthermore, intergroup ANOVA demonstrated that there were no significant differences regarding the effects of urapidil and nitroglycerin on the SBP, DBP and HR (P>0.05), thus suggesting that intravenous urapidil and nitroglycerin exerted similar blood pressure-lowering and HR-regulating effects within 7 days of treatment in elderly patients with hypertension and ADHF (Fig. 1A-C) .
Effect of urapidil versus nitroglycerin on serum NT-proBNP levels.
A multivariate analysis of intragroup elements, using the repeated measures ANOVA, demonstrated that the serum level of NT-proBNP (F=59.14) was significantly reduced after Figure 1 . Effects of intravenous urapidil on (A) SBP, (B) DBP and (C) HR within 7 days of treatment, as compared with nitroglycerin, in elderly patients with hypertension and acute decompensated heart failure. SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.
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7 days of treatment with intravenous vasodilators in the two groups, as compared with the level at admission (P<0.05; Fig. 2 ). However, there was no significant association between time and group, which indicated that the time trends for the two medications were identical in their effects on the serum levels of NT-proBNP (P>0.05). Intergroup ANOVA demonstrated that urapidil (F=57.24) was able to reduce the serum levels of NT-proBNP to a greater extent when compared with nitroglycerin (P<0.05), thus suggesting that intravenous urapidil may be more effective in improving cardiac function in elderly patients with hypertension and ADHF (Fig. 2) .
Effect of urapidil versus nitroglycerin on LVEF and LVEDV.
The effect of urapidil, as compared with nitroglycerin, on the index of left ventricular function, LVEF, are presented in Fig. 3A . Although no significant differences were observed in the LVEF between the two groups at admission and 2 days after intravenous vasodilator treatment, the LVEF for patients allocated to the urapidil group was significantly improved at 7 days after treatment, as compared with the nitroglycerin group (55.3±3.4 vs. 45.2±2.4%, respectively; t=-3.104; P<0.05; Fig. 3A) . These results indicate that urapidil exerts a more beneficial effect on left ventricular function, as compared with nitroglycerin. Conversely, no significant differences were detected in the LVEDV between the two groups at admission or on days 2 and 7 after treatment with intravenous vasodilators (all P>0.05; Fig. 3B ).
Effect of urapidil on the serum indices of glucose and lipid metabolism.
The independent samples t-test was used to compare the differences in glucose metabolism indices, including FPG, P2hPG and GHB, in the patients with hypertension and ADHF at admission and on days 2 and 7 after intravenous vasodilator treatment. As compared with the nitroglycerin group, patients in the urapidil group showed no significant differences in any of the glycemic indices on days 2 and 7 after treatment (all P>0.05; Table II) ; however, a greater reducing trend in the urapidil group, as compared with the nitroglycerin group, could be predicted from the changes in the glycemic data. Similarly, the serum levels of lipids, including TG, TC, LDL-C and HDL-C, were not significantly different between the two groups at admission and on days 2 and 7 after treatment (all P>0.05; Table II) .
Follow-up data within 6 months following discharge. The follow-up data for patients in the urapidil and nitroglycerin groups showed no significant differences regarding the incidences of rehospitalization for HF, cardiovascular-associated mortality, non-fatal myocardial infarction or malignant arrhythmia (Table III) .
Discussion
The present multicenter, controlled clinical trial compared the therapeutic effects of intravenous administration of urapidil and nitroglycerin in elderly patients with ADHF and hypertension. The results indicated that intravenous urapidil exerted similar blood pressure-lowering effects as nitroglycerin in patients with ADHF. Furthermore, the two treatments were not associated with an evident increase in HR and there were no reports of acute adverse events. Notably, short-term administration of urapidil was associated with a greater improvement in cardiac systolic function compared with nitroglycerin, as demonstrated by the greater extent by which urapidil increased the LVEF and reduced the serum level of NT-proBNP level on day 7 of treatment in elderly patients with ADHF. However, the follow-up data suggested that the clinical outcomes of the patients in the two groups were not significantly different. These results suggested that, as compared with intravenous nitroglycerin, intravenous urapidil may be more effective for improving cardiac systolic function in elderly patients with hypertension and ADHF. Further large-scale RCTs are required in order to determine whether the acute beneficial effects of urapidil on cardiac function lead to improved clinical outcomes for elderly patients with ADHF and hypertension in the long-term.
Previous epidemiological studies and registry trials reported that ADHF, which is characterized by acute insufficiency of cardiac systolic function and failure of peripheral perfusion of organs, has emerged as one of the most important causes of mortality and morbidity in the elderly population (2, 3, 19) . In China, the outcome of acute HF is typically poor, with a hospital mortality rate of 3%, a 6-month readmission rate of ≤50% and a 5-year mortality rate as high as 60% (2) . Therefore, there is an urgent requirement for the development of novel treatment strategies for patients with ADHF. The majority of ADHF cases are complicated by elevated blood pressure, which may cause overloading of the heart and increased peripheral vascular resistance, thereby exacerbating the hemodynamic conditions (6, 20) . Vasodilators have been recommended as the first-line medication for patients with ADHF, which may be due to their ability to stabilize the hemodynamic status (4, 9) . The present study demonstrated that intravenous administration of urapidil and nitroglycerin conferred similar blood pressure-lowering effects in elderly patients with ADHF and hypertension, without having adverse effects on HR. These results are consistent with those of previous studies, which similarly reported the beneficial effects of urapidil and nitroglycerin on the hemodynamic status in patients with ADHF (16,21,22) . In a previous study investigating patients with CHF, 25 mg intravenous urapidil administered twice within 15 min was associated with a significant decrease of 16% in the SBP, 13% in the mean arterial pressure, 38% in the left ventricular end-diastolic pressure, 31% in the mean pulmonary artery pressure and 40% in the wedge pressure (16) . The mechanisms underlying the beneficial effects of urapidil on hemodynamic conditions have been considered based on its elucidated pharmacological characteristics, including antagonizing effects on the peripheral α-adrenergic receptor and 5-HT1A, which enable it to be effective in the regulation of heart overloading (15) .
As well as stabilizing the hemodynamic status of patients with ADHF and hypertension, another important therapeutic strategy for these patients is to improve the cardiac systolic function (23, 24 ). An early animal study (25) and observational studies (16, 22, 26, 27) reported potential beneficial effects of urapidil on cardiac output; however, its effect on the left ventricular systolic function in patients with ADHF has not been systematically evaluated in controlled clinical trials. To the best of our knowledge, the present study was the first to evaluate the effects of acute administration of urapidil on cardiac function, as compared with nitroglycerin administration, in ADHF patients in a randomized clinical trial. The results demonstrated that, on day 7 after treatment, patients who received intravenous urapidil exhibited a greater improvement in left systolic function, as compared with those who received nitroglycerin, which was shown by the greater improvement of the LVEF and a greater reduction in the serum level of NT-proBNP. LVEF and serum NT-proBNP have been confirmed to be reflective of cardiac systolic function in patients Data are presented as n (%). Table II . Effects of urapidil on indices of glucose and lipid metabolism, compared with the effect of nitroglycerin. with ADHF (28, 29) . Furthermore, these indices were shown to have a prognostic value in these patients (30) . The results of the present study were consistent with those of a previous study that showed that long-term urapidil administration was able to improve the LVEF in the 3 months following coronary revascularization in patients with CHD who had undergone coronary stenting (31) . The exact mechanisms underlying the beneficial effects of urapidil on cardiac function are currently unknown. However, a previous study in patients with acute coronary syndrome suggested that urapidil treatment may improve the left ventricular function by increasing the coronary flow and myocardial perfusion, thereby improving the energy metabolism of the myocardium (32) . The present study observed that there were no significant differences in the effects of urapidil and nitroglycerin on the indices of glucose and lipid metabolism on day 7 after treatment between the two groups. Previous studies have suggested potential benefits of urapidil against insulin resistance in patients with hypertension (33); however, its metabolic benefits in patients with ADHF need to be observed in further studies. Furthermore, the long-term influence of intravenous urapidil on clinical outcomes requires clarification in large-scale RCTs in the future.
However, the current study had several limitations that must be considered when interpreting the results. Firstly, the study was designed as an open-label trial, which may lead to bias and the results of the study may, therefore, have been affected by subjective factors introduced by the patients and researchers. Furthermore, the study was designed as a pilot study and only a limited number of patients was included. Therefore, the possibility of the lack of statistical power in the present study can not be excluded and certain negative results should be interpreted with caution. Finally, differences in the effects of urapidil on patients with ischemia and without ischemia were not evaluate due to the limited number of patients included. Therefore, further high-quality, large-scale RCTs are required.
In conclusion, the present study demonstrated that intravenous urapidil was as effective as nitroglycerin in lowering blood pressure and was more effective in improving cardiac systolic function in elderly patients with hypertension and ADHF, suggesting that urapidil may be more a more effective therapeutic strategy than nitroglycerin in hypertensive patients with ADHF. Further large-scale RCTs are required to confirm the results and to observe the long-term effects of urapidil on clinical outcomes in these patients.
